other myrtalean families: Melastomaceae, Myrtaceae, Penaeaceae, Oliniaceae. These affinities are clearly evident from wood features alone: vestured pits on vessels; ray cells upright to square; intraxylary phloem present adjacent to pith; libriform fibers septate or nucleate; prismatic crystals in fibers and rays. Onagraceae tend to show herbaceous characteristics in wood of herbaceous genera; woody genera such as Hauya show no indicators of herbaceous structure. The ancestral habit of Onagraceae was probably shrubby, and without interxylary phloem; interxylary phloem may have evolved more than once in the family.
A practical but compelling reason for presenting this study at this time is the availability to me of an exceptional collection of wood samples. Numerous Onagraceae have woods with technically important features: interxylary phloem and associated thin-walled cells; nucleate fibers: and starch in various cell types. These features are present in or can be studied adequately only in liquid-preserved material. Dr. Peter II. Raven appreciated these facts and assembled a very fine basic collection of liquid-preserved wood samples of Onagraceae over a period of years. lie has kindly placed this collection at my disposal. Although additional wood samples have been incorporated in this investigation, the Raven collection, which represents the work of Dr. Raven and Dr. Dennis E. Breedlove (see Table  1 ) provided an unusual opportunity and a pleasant challenge for understanding of wood structure. Probably no other study on wood anatomy of dicotyledons has been based on such a high proportion of liquid-preserved samples. The usual assumption by wood anatomists is that little of value is lost when wood samples are prepared by drying. Even if this is true in many families, it clearly is not in certain others.
1972, before histological deterioration occurred. Accession numbers of these Fuchsia plants at the Botanical Garden are indicated in Table 1 ; no voucher specimens exist. A liquid-preserved wood sample of Zauschneria cana (voucher in RSA) was prepared from a shrub approximately eight years old at the Rancho Santa Ana Botanic Garden.
A few collections could not be studied with respect to wood anatomy because grain of wood proved excessively twisted, because stems were too small, or because pickled material had dried. Most woods of Onagraceae are relatively soft. Because of this or small size, a few had to be embedded in paraffin and sectioned on a rotary microtome. The vast majority, however, were sectioned on a sliding microtome; these sections range between 18 and 26/x in thickness. In each collection, I selected the largest stems in order to present the most mature wood pattern. However, wood of relatively small stems in annuals and biennials can be expected to be different from that of a tree, such as Hauija. Changes during ontogeny were noted, as in the rays of Hauya .
Some sections were stained with safranin only. However, counterstaining with haematoxylin or Fast Green proved valuable for improved visibility of phloem strands and associated thin-walled parenchyma. Sections counterstained with Fast Green tend to show differential staining of gelatinous fibers: the outer portions of secondary walls stain red because of lignification, whereas the inner nonlignified portions stain green. This can be seen clearly in Fig. 33 . Polarizing apparatus was used during examination of wood sections to detect presence of crystals and starch. Some photographs were made under polarized light employing various degrees of crossing of the nicol elements. Non-polarized light was used for photographs unless otherwise stated.
In the photographic figures, wood transections are oriented with outer (toward cambium) portion of wood upward unless otherwise indicated. If only one collection of a species or infraspecific entity was studied, the collection is not mentioned in the figure legend, but is cited in Table 1 . Where more than one collection of an entity was studied, the photographed section is identified bycollection number in the figure legend. Authors of binomials are cited in Table 1 , and not used elsewhere in this paper.
Tabular Data.- Table  1 lists species according to tribes. These tribes and their generic content agree basically with the scheme of Raven (1964) . However, because of its distinctive wood features, I have listed Hauya within the tribe Hauyeae. as did Munz (1965) and Kurabayashi, Lewis & Raven (1962) . Raven ( 1969) may well be correct in his reasons for including Hauya within Onagreae. I have isolated Hauyeae and placed it at the end of Table 1 for convenience in comparing wood features; this placement does not represent a taxonomic or phylogenetic judgment.
Ludwigia
is used in the sense of Raven (1962 Raven ( , 1963 . Calylophus and Camissonia are employed in agreement with Raven's (1964 Raven's ( , 1969 concepts.
Gongylocarpus
includes Burragea, as in Carlquist & Raven (1966) . Because the Carlquist and Raven paper incorporated photographs, only tabular data on Gongylocarpus is included in the present paper. Treatment of the tribe Lopezieae •Symbols used: cells upright (U), Square (S), or procumbent (1'); upper case litters indicates which of the three types predominates; e.g., "Us" denotes presence of numerous upright raj cells, si.me square ray cells and no procumbent raj cells.
'Symbols used: libriform fibers nucleate (N), septate (S), or neither characteristic present (0). "Symbols used: phloem cells present in secondary xylem within tangentially-widened bands (B), within narrow strands (S), or absent (0 I. "Symbols used: tyloses observed I I, or not seen (0).
• Symbols used: starch mains observed in libriform fibers ( FI. in parenchyma associated with phloem in interxylary phloem bands (P). in ray cells (R). or absent in wood (0). 'Symbols used: idioblastic cells bearing crystals occur in fiber-like cells of the fascicular xylem (F), in parenchyma of the interxylary phloem (P), in rax cells (R) or are absent in wood (ft).
.389 is in accordance with that of Plitmann, Raven & Breedlove (1973) . Those authors have reduced Diplandra, Jehlia, Pseudolopezia, and Semeiandra to sections of the genus Lopezia, which thereby becomes the sole genus of the tribe. The species studied here belong to sections or former segregate genera as follows: Diplandra
The remaining species of Lopezieae studied here were treated within the genus Lopezia prior to the treatment of Plitmann, Haven & Breedlove ( 1973) . Breedlove and Raven are publishing new combinations in ilaiiya. and one of these is utilized for Hamas studied here. Table 1 oilers quantitative data as well as qualitative data on Features where a range or expressions or significant differences exist. Additional characteristics, and lists of species in which these were observed, are cited in the text. Quantitative data in Table 1 are self-explanatory. They were based on fifty measurements per feature for each species unless fewer measurements were made in instances where a particular feature was scarce on slides. Rays of particular types were scarce on slides of some species, particularly those with small stems, and where only a very limited (and therefore meaningless) number of measurements could be made. quantitative data are omitted in Table 1 .
VESSEL ELEMENTS

Vessel-Element
Dimensions and Their Significance.-Quantitative data on vessel elements cannot be reliably interpreted on the basis of individual species: variations of any given specimen and the chances of obtaining unrepresentative measurements make this procedure not feasible. For this reason, the data in Table  1 have also been summarized as averages for the following six groups of species: Fuchsieae; Lopczieae that are shrubs; Lopezieae that are annuals or sulfrutescent perennials: Onagreae that are annuals (or winter biennials): Onagreae that are perennials, sprouting from a woody caudex: and Ilauyeae. all of which are trees. The ecological significance of these categories is as follows: Ilauyeae are small to medium-sized trees of moist to somewhat seasonal tropical forests, tending to be upland elements rather than coastal. Hauyeae probably transpire large volumes of water when humidity is low', judging from the large size of their leaves. However, soil moisture is probably nearly always available to them. Fuchsieae likewise characteristically inhabit moist habitats, either in cool subtropical uplands, closer to sealevel in temperate latitudes or. if in temperate uplands, relatively free from frost. Both Ilauyeae and Fuchsieae are mesophytes, with minimal seasonality for the family. The larger shrubby Lopezieae tend to have thick, rather succulent stems and to grow in the understory of subtropical upland forests of Mexico. These forests experience a dry season, but have less limited moisture supplies than exposed sites. The annual and suffrutescent Lopezieae do often grow in exposed sites; some species in this group are facultative annuals that may persist into a second season and thus are more exposed to water stress during summer drought than are Lopezieae in shadier, moister localities. Water stress, and the accompanying negative pressures in vessels, ought to be less in these Lopezieae than in the Onagreae that are caudex perennials; these Onagreae are temperate herbs (e.g., Gaura) that persist through dry summers. Annual Onagreae do not persist through summer drought and therefore would not be expected to have xylem adapted to high negative pressures in vessels. The above habit and habitat data are derived From Munz (1965), Plitmann, Raven & Breedlove (1973) , and from my own observations. I have hypothesized (Carlquist, 1975 ) that long, wide vessel elements are of adaptive value where soil moisture is abundant and transpiration relatively unitonn because of relatively constantly high humidity; short, narrow vessel elements are adaptive in situations where periods of low soil moisture and low humidity create high tensions in vessel water columns. Succulence or seasonal loss of leaves would buffer the effect of these conditions. Detailed data basic to these concepts have been presented elsewhere (Carlquist, 1975) and cannot be repeated here. If correct, we would expect vessel dimensions for the six groups to fall in the following order:
Ilauyeae ( The figures in parentheses represent average vessel element length, average vessel diameter (see Table 1 ), and the sum of these two dimensions. While either length or diameter is a reasonably accurate indicator of mesomorphy versus xeromorphy, the sum of the two is even more reliable. This sum, for example, was used for ranking the species of Dubautia ( Carlquist, 1974: 153) .
The accuracy of this means of ecological assessment can be demonstrated by figures for the Onagraceae not included within the above six groupings. For example, diameter plus length figures for Zausclnwria caiia (192) . Gongylocarpus fruticuhmis subsp. glaber (259) and Xylonagra arborea subsp. icigginsH (256) ought to fall close to the figure for caudex-perennial Onagreae, whose habit they simulate. The figures, as given in the parentheses beside each species, bear out this prediction. The Jussiaeeae, not calculated as a tribe in groupings mentioned above. One must remember that average area of vessels in transection, not merely diameter, is operative in these correlations. In addition, one may note that estimation of average number of vessels per square mm is very difficult, and where rather large numbers of vessels in a field, or a rather small number of vessels in a field occur, chances for unrepresentative figures are greater. If completely reliable measurements were available, a straight-line curve for vessels per square mm plotted against vessel diameter would probably result in Onagraceae, as in my 1975 book.
Vessel Groupings.-As can be seen from Table 1 , the number of vessels per group does not fluctuate markedly in Onagraceae. in contrast to some families such as Asteraceae (Carlquist, 1966) . In this respect, Onagraceae resemble such families as Goodeniaceae (Carlquist, 1969«) and Campanulaceae (Carlquist, 1969/. 0. There appears to be little significance in this figure in Onagraceae, except for the annual Onagreae, which show a somewhat higher number of vessels per group. Larger groupings of vessels are illustrated here in one of these annuals, Oenothera elata (Fig. 34 ). The groupings that do occur can be characterized as forming radial chains or irregularly-clustered pore multiples. Radial chains tend to characterize the following species (in same order as in Table 1 (Fig. 31) , and Hauija elegans subsp. cornuta (Fig. 6 ). Obviously there is not much difference between these two modes of grouping when degree of vessel grouping is so low.
Vessel Shape.-As seen in transections, vessels in Onagraceae can be considered either round or angidar in outline. Vessels round in outline characterize Fuchsia boliviano, F. cyrtandroides, F. fulgens, F. lycioides ( Fig. 1 Fig. 35 ), all species of Oenothera. Zauschneria cana. and Ilaui/a elegans subsp. cornuta (Fig. 6 ). Vessels tend to be angular in outline in Fuchsia paniculata, F. splendens (Fig. 3) . F. tincta. F. tttberosa (Fig. 49 ). all species of Lopezieae (Figs. 11, 13. 15, 17, 19) . Ludicigia octovalvis, L. uruguayensis ( mentioned (Carlquist, L962, 1969/; ) . The reason Eor occurrence of angular vessels in primitive dicotyledonous woods is the tendency of these vessels to be narrow, with thin walls which therefore tend to follow the polygonal outlines of the grouping of few, rather vv ide tracheids that surround the vessels. This has been discussed more fully elsewhere (Carlquist, 1975) . Circumstances like those in the primitive woods can occur in speeialized woods also. If \essels are narrow and thin walled, yet Iibriform fibers are wide, vessel shape tends to be angular. Thinwalled vessels are likely to occur in woods in which strength of vessel walls is not high in selective value-a condition likely to occur in woods of herbs. Thus conditions predisposing to angularity of vessels are fulfilled in many Onagraceac. both the thin-walled nature of vessels in many Onagraceac and the occurrence of rather wide, thin-walled short fibers connote a modest degree of mechanical strength.
Vestured Pits.-Onagraceae are notable for presence o\ vestured pits ( Bailey, 1932 ( Bailey, . 1933 . Vestured pits have wart-like intrusions of lignified wall material within pit cavities, as excellently demonstrated by means of electron microscopy of ultra-thin sections by Cote c\ Day | 1962 I and Schmid | 1965) . These authors did not study pits in Onagraceae, but did study them in genera of related myrtalean families: Tcnninalia ( Combrctaceae ). Eucalyptus iMyrtaceae). and some Melastomaceae. bailey ( 1933) is correct in saving that droplet-like deposits within pits can be mistaken for vesturing, and that therefore very thin sections are required for demonstrating true vesturing. Transmission electron microscopy has fulfilled this need more completely than Bailey could at that time have predicted. Scanning electron microscopy is also applicable, and vestured pits have been clearly figured by this means by Butterficld c\ Meylan ( 1973) for Fuchsia excorticata (J. R. & C. Forst.) Li., a species not included in the present study. Careful observation by means of light microscopy of wood sections of entities in the present study revealed presence of vesturing in vessel pits, especially in the case of intervascular pitting. Vesturing is illustrated here for Fuchsia paniculata ( Fig. 51 ), Lopezia langmaniae ( Fig. 52 ), /.. lopezioides (Fig. 53) , L. longiflora (Fig. 54) , and /,. miniata subsp. paniculata (Fig. 55 ). However, little or no vesturing could be observed in vessel pits of Oenothera deltoides subsp.
howeUii ( Fig. 56) or those of Calyophus serrulatus. Vesturing can be said to be v estigial in Calylophus hartwegU subsp. pubescens, the three species of Camissonia studied, Oenothera drummondii, Fuchsia tuberosa, Gaura sinuata, Gongylocarpus fruticulosus subsp. glaber, Lopezia racemosa subsp. moelchenensis. Ludwigia uruguatjensis, and Zauscltncria cana. Where pits are circular and relatively small, as in Fuchsia paniculata (Fig. 51) , vesturing is most apparent along the slit-like pit apertures. Surprisin'jjv. the wide pits of some lope/.ioids. in which pit apertures are notably broad show 7 vesturing prominently. Because of the wide pit apertures, one may assume that the even granular appearance of the warts throughout the pit cavity means that warts are borne not just on the pit border, but on the pit membrane as well. This is evidently the case in a species from .mother family figured by electron microscopy by Cote & Day (1962) The physiological significance of vestured pits is not at all clear, and none of the literature cited above, or references discussed by those authors offers any speculation on this point. The diagnostic value of these pits in identification of woods, has, however, been stressed. To be sure, presence of vestured pits offers a very strong line of evidence linking Onagraceae to other myrtalean families: Punicaceae, Lythraceae, Crypteroniaceae, Sonneratiaceae, Combretaceae, Myrtaceae, and Melastomaceae. Because of the pervasive presence of this feature in Myrtales. as well as its presence in all but a few Onagraceae, one would assume that lack of vesturing in those few Onagraceae where it is absent or minima] represents a phylogenetic loss of warts within pit cavities. If. as appears likely from the literature, appearance of warts in vestured pits is ontogenetically a rather sudden event that occurs when lignification is complete, one can say that absence of vesturing in those Onagraceae without vesturing represents a foreshortening of the process of vessel-wall formation.
Pit Arrangement and Shape.-One can characterize pitting in all Onagraceae as alternate, although one unfamiliar with wood anatomy would perhaps, upon viewing wood sections, say that opposite and scalariform pitting is present on vessel walls. This seeming paradox, as correctly implied by Metcalfe & Chalk (1950) , results from the fact that pits in many species are laterally widened, interrupting a clearly alternate pattern (see, for example, Figs. 52-53). One must stress that these patterns have nothing at all to do with opposite pits in vessels of primitive dicotyledons, where the opposite condition results from fragmentation of the long pits of a scalariform pattern. That the elongate pits are derived secondarily from circular alternate pitting patterns can be said to be prefigured by the occurrence, even in those species with circular pits (Fig. 51) . by the presence of slit-like pit apertures.
Of Onagraceae in the present study, elongate pits are most abundantlyrepresented in Fuchsia fulgens, F. tuberosa, Lopezia grandiflora, L. langmaniae (Fig. 52) . L. lopezioides (Fig. 53) , L. longiflora, L. miniata subsp. miniata, L. miniata subsp. paniculate, Gaura sinuata, and Xylonagra arborea subsp. wigginsii. Some of these could be said to have a pseudoscalariform pattern of pitting on lateral walls of vessels, in fact. Vessel-parenchyma pitting shows more prominently elongate and enlarged pits than does intervascular pitting, as can be seen from the scanning electron photomicrographs of Butterfield & Meylan (1973) for Fuchsia excorticata.
Of Onagraceae in the present study in which I observed only circular or slightly oval pits as intervascular pitting, I could find elongate pits on vessel walls in contact with parenchyma: Oenothera deltoides subsp. Pits markedly enlarged, as well as elongate, were observed in various Onagraceae. The list is much the same as for the Onagraceae that have elongate pits, but also includes a few herbaceous species with circular pits, such as Oenothera deltoides subsp. howellii (Fig. 56) . Pits both elongate and enlarged have been interpreted as an indication of minimal mechanical strength of vessel walls (Carlquist, 1975) . This interpretation appears to be justified in view of the Onagreae and Lopezieae in which these pits occur. The least degree of pit enlargement and elongation in Onagraceae characterize the genera Fuchsia and Hauya. One would expect this, since these are the woodiest genera of the family.
Grooves.-Pit apertures that are elongate, interconnecting with pit apertures of pits adjacent in a helix on a vessel wall were observed in Lopczia longiflora I Fig. 54 ). They were reported for Gongylocarpus fruticulo&is subsp. glaber by Carlquist & Raven (1966) .
Perforation Plates.-Only simple perforation plates have been observed in •econdary xylem of Onagraceae. That this expression is deep-seated is indicated li\ the fact that it occurs in primary xylem of Onagraceae studied by Bierhorst <\ Zainora (1965) , with only occasional scalarirorm perforation plates in primar) xylem. This is also true of Lumnitzera littorea Voist (Combretaceae), but simple perforation plates exclusively were observed b) Bierhorst & Zamora (1965) in the myrtalean species Leandra divaricata Gogn. ( Melastomaceae) and Lumnitzera littorea ( Combretaceae). (The latter perhaps a second sample of that species, since it appears in two different listings on the basis of perforation plate morphology in the Bierhorst and Zainora paper. ! More primitive primary xylem was reported by Bierhorst and Zainora for Tristaiiia ( Myrtaceae |. This is interesting since the only myrtalean family in which scalariform perforation plates have been reported is Myrtaceae, and there only in a very few spectes ; Metcalfe & Chalk, 1950) .
The orientation of end walls of vessels in secondary xylem of Onagraceae could be said to be roughly transverse, but with considerable fluctuation. This fluctuation is based largely on the diameter of the vessel and the intrusiveness of the end wall on which the perforation plate is borne. Thus, the most nearly transverse perforations would be expected in the widest vessel elements-which also possess minimal intrusiveness of tips, in general. Examples of oblique end walls are not difficult to find, and can be seen, for example, in Figs. 24, 28, 32, and 36 . Because of the correlation with vessel diameter just mentioned. I doubt that oblique end walls should be considered a relictnal presence of a primitive characteristic.
LIBRIFORM FIBERS
Mature of Wall.-Imperforate tracheary elements of Onagraceae consist wholh of libriform fibers. Pits are exclusively simple, with no vestiges of borders. In some species with exceptionally wide, parenchymatous libriform fibers, such as Lopczia longiflora ( Fig. 21 ) and Xylonagra arborea subsp. wigginsii, pit apertures are rather wide, rather than very narrow and slit-like. In examining transections of wood of Onagraceae. one is struck by the almost universal presence of gelatinous walls on fibers. In any given section, not all fibers possess markedly gelatinous walls. Gelatinous fibers may occur in patches as seen in a transection, but re frequently in a ring of approximately uniform thickness that extends around the entire stem. In ('larkia xantiana. an annual, all libriform fibers have gelatinous walls. The mode of occurrence of gelatinous-walled libriform fibers in Onagraceae does not suggest occurrence of tension wood, despite the similarity in appearance.
For example, a photograph of tension wood in Populus tremuloides
Michx. presented by Cote & Day (1965) is virtually identical with my photograph of •101 gelatinous fibers in Xylonogra arhorea subsp. wiggimii ( Fig. 33) . However, mode of distribution within stems of Onagraceae and the fact that the majority of the family has relatively little wood speaks against the interpretation of gelatinous libers as tension wood, although tin's cannot be ruled out for all species certainly.
In only a few species of Onagraceae were libers with a non-lignified inner wall (the "i." layer of Cote & Day, 1965) ( Fig. 22) . In most Onagraceae. the inner wall is thick, shrinks from the outer, lignified wall during fixation or preparation of slides, and may be displaced by sectioning (Figs. 25, 33) . In a very few, the inner, non-lignified wall is very thick ( Figs. 16, 18 ). In these latter species, the wall may have been expanded by the use of acetic acid in the fixative. In any ease-, in the fibers shown in Figs. 16 and 18. the inner wall is unusually thick.
Because the growth forms of most Onagraceae with gelatinous librifonn fibers suggest no appreciable function of the fibers as tension wood, an alternative function might be sought, namely, water storage. To be sure, the inner gelatinous wall does show birefringence with polarized light, demonstrating presence of cellulose in most species. However, its non-lignified nature suggests a high degree hydration in the living condition. I note from monographs such as that of Plitiuaim. Raven & Breedlove (1973) and from my own field observations that many Onagraceae flower in the dry season. Clarkia, a vernal annual, flowers much later than do most venial annuals. Zauschneria flowers at the end of the summer, before winter rains. Storage of water in highly hydrated gelatinous fibers may be correlated with this habit. Although a seemingly unlikely explanation, storage by a plant of water in gels formed by the cell wall is not unprecedented. The Madiinae (Asteraceae, tribe Heliantheae) have similar flowering habits, clearly correlated with storage of water in pectic gels extruded into intercellular spaces of leaves (Carlquist, 1957 (Carlquist, , 1959 .
Fiber Septation and Nuclcation.-As the column headed Librifonn fibers in Table 1 indicates, very few Onagraceae were lound to lack either septa or nuclei in librifonn fibers. Absence in the two collections of Hauya may be based on the fact that dried wood samples were studied. Septate fibers normally have a single septum (Fig. 47) . In Ludwigia octovalvis, two or three septa per fiber may be present. The presence of either septa or nuclei or both are indicative of longevity of protoplasts in librifonn fibers. Presence of starch, mentioned in a later section, is an additional indication. In other words, librifonn fibers of virtually all Onagraceae have some of the aspects of parenchyma: they may be considered librifonn fibers functioning as parenchyma, in essence. Wolkinger ( 1970) Table 1 . are perhaps lower than one would expect for a family of dicotyledons with specialized characteristics (see Carlquist. 1975) . The ratios are. however, in accord with the predominantly herbaceous nature of the family. Were the family predominantly woody, one would expect that the ratio of libriform fiber lengths to those of vessel elements would exceed 2.0. Relatively long libriform fibers in a specialized family appear to connote greater mechanical strength. In Onagraceae. not only do relatively short libriform fibers suggest a moderate degree of mechanical strength, the thin-walled and gelatinous nature of the fibers, as well as the nature of vessel walls also connote low mechanical strength. In studying macerations of onagraceous wood, one can frequently sec libriform fibers in which the broad body of the fiber bears constricted narrow tips. This appearance suggests a derivative of a fusiform cambial initial in which there has been relatively little apical intrusive growth.
If mechanical strength is related to relatively long fibers, one would expect these in tree species. Libriform fibers averaging more than 700 /< in length were observed in Fuchsia paniculata, F. pawiflora, and all collections of Hauya, validating this expectation. The large trunk of Hauya elegans subsp. coruuta ( Breedlove 10589) not only had the longest libriform fibers in the family, it proved to have a notably high ratio between libriform fiber length and vessel element length. Also notably high in libriform fiber length are the species of Ludwigia. In this genus, which is not arborescent, longer tracheary elements may be related to very wet habitats, and long libers may be a by-product of factors leading to occurrence of long vessel elements, for which a hypothesis is offered above.
Willi Thickness.-Almost
all Onagraceae could be said to have thin-walled fibers, if one disregards the thickness of gelatinous fibers. By "thin" I mean between 2 and 3 n in thickness. Very thin-walled (1-2 p.) fibers were observed in Calylophus hartwegii subsp. pubescens, Cumissonia californica (Fig. 27) . Fuchsia boliviano, Gaura villosa subsp. villosa ( Figs. 35, 39) , Heterogaura heterandra, Lopezia langmaniae, L. lomiiflora (Fig. 19) . L. racemosa (both subspecies), Ludwigia octovalvis, and L. uruguayensis ( Fig. 23) . Notably thick-walled (to 8 /x) fibers were observed in Lopezia racemosa subsp. moelchenensis and in Gongylocarpus fruticulosus subsp. glaber.
Fiber-Uke Cells in Infancy lary
Phloem.-Occasionally in species with interxylary phloem, one encounters in old phloem bands a few cells that appear to be thick-walled fibers. Such cells are illustrated here for Oenothera linifolia ( Fig. 50) . They apparently are derived from phloem parenchyma cells that develop thick walls and become lignified. Therefore, they should be considered sclereids rather \ than fibers.
YASC CI.AH BAYS
Cell Shapes.-As the column headed Bay Histology in Table 1 shows, upright (erect) cells predominate in rays of most onagraceous woods. Only in the larger log of Hauya elegans subsp. coruuta i Figs. 8-10) are procumbent cells frequent. In the other Onagraceae, procumbent cells are infrequent. In some species, appearance of an occasional procumbent cell proves to be the result of a transverse division of an erect ray cell (Gaura sinuata). The predominance of erect ray cells might at first glance be thought unusual, considering the abundance of procumbent cells in rays of most families of woody dicotyledons. One is tempted to regard this tendency as an herbaceous mode of structure. However, one must take into account ray histology in the other myrtalean families. Erect to square ray cells exclusively are reported in Punicaceae and in Melastomaceae, subfamily Melastomoideae by Metcalfe & Chalk (1950) , who also report uniseriate rays of this type in other myrtalean families but in combination with multiseriates containing procumbent cells.
Comparison of stems of different ages in Hauya elegans subsp. cornuta shows that multiseriate rays broaden during growth of a tree (compare Fig. 8 ( Fig. 30) , Epilobium paniculaixim, and Zauschneria cana. Multiseriates are more numerous than uniseriates in most species of Fuchsia (F. Jycioides: Fig. 2 ). both species of Gongyfoearpus (Carlquist & Raven, 1966) , Xylonagra arborea subsp. wigginsii (Fig. 32) , Ludwigia octovalvis, and Hauya elegaiis subsp. cornuta (Figs. 8-10 ). These listings show a definite tendency, as suggested above, for increase in ray width with age and size of plant. Thus, most of the species in which uniseriates predominate over multiseriates are annuals or small shrubs, whereas the species in which multiseriates predominate are mostly medium to large shrubs or trees. Wide multiseriates have been reported by Metcalfe & Chalk (1950) for "Fuchsia riccartonii" (F. magellanica sens, lat.) and "F. macrostemma" (F. magellanica var. macrostemma). One can hypothesize that during growth, ray initials tend to subdivide, converting uniseriates into multiseriates and converting narrow multiseriates into wider multiseriates. This was observed in the case of Calylophus hartwegii, in which two growth rings were present in the sample studied.
Some Onagraceae have notably tall multiseriate rays: the genera Fuchsia (F. lycioides: Fig. 2) and Ludwigia (L. uruguayensis: Fig. 24 ) are notable in this regard. In these, multiseriates may narrow into uniseriate portions along their vertical length, as seen in a tangential section. Cell Walk:-Cell walls of rays tend to be of about the same thickness as libriform fibers in any given species. Where rays traverse bands of phloemcontaining interxylary parenchyma, ray cell walls are non-lignified and thin (Figs. 12, 20 In Hauya elegans subsp. cormita (Figs. 6-7) vasicentric parenchyma is relatively abundant, and completely sheathes vessels and vessel groups.
Apotracheal Parenchyma-Only in llanya elegans subsp. cormita (Figs. 6, 9) are there characteristically bands of apotracheal parenchyma that do not include phloem. There is no interxylan phloem in Ilauya. The parenchyma in these bands is identical with vasicentric parench) ma, not only in number of cells per strand, but in the presence of lignified walls. In the parenchyma associated with phloem in those Onagraceae that have interxylary phloem, parenchyma is non-lignified and is usually not subdivided into strands, or is only once septate (see Figs. 12 and 44, for example). Bands of parenchyma comparable to those of Hauya occur in Lagerstroemia (Lythraceae) and certain Melastomaceae (Metcalfe & Chalk, L950) .
No species ol fuchsia studied has apotracheal parenchyma or interxylary phloem, except for a single instance seen in F. tuhero.sa (Fig. 49) . In the stem studied, a few thin-walled parenchyma cells were observed at the stem periphery in fascicular areas of the xylem. In stems of various dicotyledons-usually herbaceous-one occasionally encounters thin-walled libriform parenchyma formed at intervals, in addition to characteristic-axial parenchyma, as in Hemizonia. I suspect that this is the phenomenon exhibited in the stem of F. tuberosa studied. Xylonagra arborea subsp. wigg^nsii i Fig. 31 ) has parenchyma bands not all of which contain phloem, although most do.
TYLOSES
As here for F. boliviano. (Fig. 5) . The beginning stages in formation of tyloses were clearly observed in Lopezia lopezioides (Fig. 45) . Such early stages can also be seen in Fuchsia tuberosa (Fig. 49) . In Fig. 45 , the vasicentric parenchyma cells are expanding into adjacent vessels through virtually all the available pits. In that species, vessel-parenchyma pits are wide, so that this behavior is not unexpected. Undoubtedly, samples of Onagraceae other than ones utilized would yield additional examples of tyloses. One would not expect them to be frequent in annual or biennial species, and in only one annual (Oenothera dell aides subsp. howellii) are they recorded here.
The occurrence of tyloses in Onagraceae seems linked to longevity of parenchyma cells. Liquid-preserved materials used in this study suggests that wood of Onagraceae is not mostly an accumulation of dead cells. Nuclei observed in ray cells, axial parenchyma cells, and Iibriform fibers prove the viability of these cells over a period of years. Hauya appears to lack tyloses. Perhaps parenchyma cells are more short-lived in this genus.
Tyloses have been reported for several genera of Lythraceae (Metcalfe & Chalk, 1950) .
IXTERXYLARY PHLOEM
Myrtalean families apparently all have intraxylary phloem, which is not to be confused with interxylary phloem. Intraxylary phloem refers to strands of phloem between pith and primary xylem, whereas interxylary phloem (the "foraminate" type of Metcalfe & Chalk. 1950) consists of strands of phloem derived from a cambium on its internal face and therein laid down within the secondary xylem. Cambial activity is "normal" in Onagraceae in the sense that only a single cambium, rather than successive cambia, is present. Although intraxylary phloem is characteristic of all myrtalean families (see Metcalfe & Chalk, 1950 : 1343 , not .ill myrtalean families have interxylary phloem. In addition to Onagraceae, interxylary phloem occurs in wood of Combretaceae ( Calycopteris. Guiera, Thiloa. and African species of Combretum; Solereder, 1908; Metcalfe & Chalk. 1950 ); Melastomaceae (genera of Astronoideae and Memecyleae: Metcalfe & Chalk. 1950); and Lythraceae (Lythnim sulicaria L., root only: Gin, 1909) . Thus, interxylary phloem is absent from families probably very close to Onagraceae: Lythraceae (except as noted), Sonneratiaceae, Punicaceae, and Crypteroniaceae, as well as more distant families, such as Myrtaceae, Oliniaceae, and Penaeaceae.
As can be seen from Table 1 . interxylary phloem is absent from the woody genera Fuchsia, Hauya, and Ludwiiiia. In Lopezieae, interxylary phloem was seen in all species studied except the shortlived annual Lopezia riesenbachia. The Onagreae in which interxylary phloem is absent are all annuals. Of the two Epilobieae studied, it is absent in the annual, Epilobium paniculatum, but present in the perennial, Zauschneria cana. Thus, both the most woody and the least woody species of Onagraceae tend to lack interxylary phloem. In the least woody species, one may hypothesize that the occurrence of secondary phloem and intraxylary phloem (still functional after onset of secondary growth) functionally suffice, and there is little selective value for inclusion of phloem strands within a xylem cylinder of relatively finite size. In the Onagraceae in which interxylary phloem strands occur, these take a wide variety' of forms. The most striking of these would have not come to light except for the availability of wood samples of rather restricted species of Lopezia. In L. lopezioides, Breedlove 8052 (Figs. 11-12 ; see also Figs. 43-44) wide bauds ami strands of phloem-containing parenchyma are present, although in the specimen Breedlove 726S (Fig. 13) , the bands and strands arc smaller. In L. longiflora (Figs. 19-21) , the bands of phloem-containing parenchyma are so extensive that, in fact, they become the continuous phase of the fascicular xylcm, with vessels and associated libriform fibers the discontinuous phase, dispersed as strands within the phloem-containing parenchyma. The phrase "phloem-containing parenchyma" has been used here deliberately because in the bands of parenchyma, phloem cells are localized rather than comprising the totality of the bands. In this respect, it is like the interxylary phloem illustrated by Singh (1944) for Salvadora persiea L. As Figure 21 shows, sieve-tube elements and companion cells arc separated from each other by numerous parenchyma cells. These parenchyma cells, to be sure. are non-lignified and identical to those in direct contact with sieve-tube elements and companion cells, so that all parenchyma cells of the bands and strands might be termed phloem parenchyma, provided that one keeps the above considerations in mind.
In other Lopezieae, the strands or bands of interxylary phloem are not expanded by large quantities of parenchyma, and the proportion of parenchyma to sieve-tube elements and companion cells is approximately what one would expect in ordinal) secondary phloem. Such interxylary phloem is illustrated here for Lopezia miniata subsp. miniata ( Figs. 15-16 ). L. racemosa subsp. racemosa i Fig. 17) , and L. scmeiandrd (Fig. 22) . Interxylary phloem strands of this type can be said to characterize the remaining Onagraceae in which interxylary phloem was observed, with the exception of Xylonagra arhorea subsp. ui^<j.insii ( Fig. 31) , Comissonia emssifolia and Oenothera drummondii.
In the other species of Oenothera, as in O. elata (Fig. 34) , phloem contains a minimum of parenchyma. In O. linifolia. a single growth ring, beginning with a band of phloem-containing parenchyma, was observed in the secondary xylem. Species "1 ('aura ( Figs. 35, 39 ) tend to have a little more than the minimal amount of parenchyma, but not as much as in Lopezia lopezioidis.
Sieve-tube elements of interxylary phloem in Onagraceae have transverse simple sieve plates. Both they and companion cells are the same length as cells of phloem parenchyma in a given species, and thus approximately the same length as fusiform eainbial initials. Phloem parenchyma cells are occasionally subdivided into strands of two cells. Further details concerning contents of phloem parenchyma cells are given below.
STARCH
One of the striking features of main onagraceous woods is the large quantity of starch present. Some parenchyma cells and fibers seem to contain as much as any storage parenchyma cell in a tuber. Table 1 indicates the occurrence of starch I observed in Onagraceae. The reports of Table 1 must be considered minimal, and species for which starch is not reported here may well, Where parenchyma of the phloem-containing bands is abundant, starch tends to be stored there (Figs. 12, (43) (44) (46) (47) . Where parenchyma in interxvlary phloem strands is minimal, libriform fibers and ray cells tend to contain the starch ( Pigs. 25. 29. 48). In those species with no interxvlary phloem, libriform fibers and rays serve for starch storage. Starch accumulation appears to be more abundant in species that have interxvlary phloem, in general.
CRYSTALS
Raphides.-Onagraceae are distinctive among myrtalean families in that all families of this order except Onagraceae lack raphides in cells of the secondary xylem (Metcalfe & Chalk, 1950 : 1354 . Raphides are reported for secondary phloem of Cahjcopteris (Combretaceae), however (Metcalfe & Chalk, 1950) . Obviously, raphides have evolved polyphyletically in various lines of angiosperms. and the shift from numerous prismatic crystals within a cell to raphides is not. probably, as sharp a transition as we might imagine. Coarse raphides can be termed prismatic crystals. Coarse raphides can be observed in species of Gaura, such as G. villosa subsp. villosa ( Fig. 38) , or in Oenothera Hnifolia ( Fig. 50) . Such coarse raphides are wider and less numerous, but may still occur many to a cell.
Cells containing raphides can occur idioblastically in fascicular xylem of Onagraceae. Such cells may be thin or thick walled: they may even resemble libers in respects other than shape and cell contents. Most commonly, however, cells containing raphides occur in vertical pairs (Figs. 4, 12, 44) ; they are relatively thin-walled with blunt ends compared to fibers, and represent the product of a transverse division of a fusiform cambial initial derivative. Metcalfe & Chalk ( 1950) find that cells containing raphides in Onagraceae are commonly rich in mucilage, and my findings tend to support this. Occurrence of raphides in single fiber-like cells rather than in paired cells was observed in Oenothera Hnifolia. Because idioblasts containing raphides. even though fiber-like in shape and even wall characteristics, could be classified as parenchyma, one might say that diffuse occurrence of such cells in fascicular xylem constitutes presence of diffuse parenchyma. If so, one must be careful to state that this is not diffuse parenchyma in the ordinal) sense in which that word is understood, as in the diffuse parenchyma of primitive dicotyledon woods.
Where parenchyma is abundant in interxvlary phloem bands, as in some Lope/ieae. idioblasts containing raphides tend to occur in that parenchyma ( Figs. 12, (43) (44) 48) . These cells tend to be broader than ordinary phloem parenchyma cells or the fiber-like cells that contain raphides: they commonly occur in vertical pairs because of the presence of a transverse wall. Raphides tend to be needle-like in these species.
Occurrence of raphides in rays was observed in Gaura villom subsp. villosa and Xylonagra arhorea subsp. wigginsii. In viewing the distribution of raphides within the family (Table 1) , one notes that they occur in woods of all tribes except Jussiaeeae and Epilobieae; only a leu species in each of those two tribes were examined, so absence is not yet certain. Absence of raphides in wood of a particular onagraceous species is probably a rather casual matter. In Onagraceae, raphides may be present elsewhere in the plant body even if absent in wood. The occurrence of raphides in fiber-like fascicular cells in Fuchsia and Hauya as well as in Onagreae indicates a basic unity among woods of Onagraceae. Lopezieae in this study were not observed to possess raphides in fiber-like cells but one must take into account that the relatively abundant parenchyma of the interxylary phloem bands provides an ideal alternate e site for deposition of raphides. and that tin's tissue is not present in Fuchsia or I law/a. The occurrence of raphides in three types of cells in Gaura villosa subsp. villosa demonstrates the versatility in mode of occurrence that can occur in Onagraceae. Systematic and organography distribution of raphides in Onagraceae is undoubtedly greater than present reports indicate.
Prismatic Crystals.-Prismatic crystals in Onagraceae are not diamond-shaped or rhombohedral, but rather, where they can be clearly seen, tend to take elongate forms, bluntly pointed at one end, indented at the other end (Figs. 26, (41) (42) . Such prismatic crystals were observed in only a few species. They are most clearly displayed in rays of Ludwigia octovahis (Fig. 26) , in which usually only a single crystal per ray cell is present.
(laura sinuata (Fig. 40) and (I. villosa subsp. villosa present a distinctive mode of prismatic crystal occurrence. In these two species, prismatic crystals of various sizes occur in fibers. These fibers are distributed idioblastically within fascicular xyiem, and an-non-septate.
Hauya also has prismatic crystals within fibers (Figs. 41-42 ), but in a mode of occurrence unlike that of Claura. In //. elcaans subsp. cornuta, the fibers that contain prismatic crystals are markedly widened to accommodate the large size of the prismatic crystals. These prismatic crystals most commonly occur one to a fiber (Fig. 42 ), ocasionally two (Fig. 41) . In either case, each prismatic crystal is encapsulated by a lignified secondary wall, which appears to sheathe the crystal closely leaving little or no additional space. In such crystal-containing fibers, a few small crystal fragments can be seen above or below the large encapsulated prismatic crystal (Fig. 42. above) . The large prismatic crystals of Hauya are termed styloids by Metcalfe & Chalk (1950) .
The mode of prismatic crystal occurrence in Hauya and, to a lesser extent. Gaura is similar to that in Tunica granatum.
In this species, prismatic crystals occur in fibers, but these fibers are septate (with thin, non-lignified walls as septa) in such a way that usually only one crystal per chamber occurs (Metcalfe & Chalk (1950: 642 ; also confirmed by my own observations). The same condition has been reported for some Combretaceae (Solereder, 1908) , certain Myrtaceae (Metcalfe & Chalk. 1950) . and three genera of Lythraceae (Metcalfe & Chalk, 1950) . This highly distinctive mode of crystal occurrence would seem a good indicator of relationships among these families. by Metcalfe & Chalk (1950) for Sonneratia ol the Sonneratiaceae; for several genera of Combretaceae: for Calyptranthes ol Myrtaceae; and for several genera of Lecythidaceae ( Metcalfe & Chalk, 1950) . These reports of ray crystals may be considered a subsidiary indicator of relationships of Onagraceae.
UNIDENTIFIED DEPOSITS Many Onagraceae. particularly perennials and those of drier areas, characteristically possess deposits, which range from grayish and granular, suggesting tannins; to dark, solid and gummy materials, present as droplets or massive accumulations occluding lumina. The latter gummy type of deposit is abundantly represented in Onagraceae. It was observed in Calylophus hartwegii subsp.
pnhescens (fillers), C. serrulatus (fibers), Gaura sinuata (rays, fibers: Fig. 40 These deposits are termed "dark gummy" materials by Metcalfe & Chalk (1950) . Those authors reported them for the myrtalean families Combretaceae (notably Lummtzera), Crypteroniaceae, Lecythidaceae, Lythraceae, Melastomaceae, and Myrtaceae. The chemical nature of these deposits has not. to my knowledge, been analyzed to sec if they represent, in fact, similar compounds in the families named.
GROWTH RINGS
Various types of growth-ring phenomena have been mentioned above, such as the occurrence of gelatinous fibers. Biennial steins, or annual stems that have evidently responded to seasonality, as in the sample of Oenothera linifolia studied, may show a parenchymatous cylinder interpolated into the wood. Fluctuations of seasonal moisture availability seem obviously related to fluctuations in vessel diameter within wood samples. No growth rings in the Onagraceae studied appear to be at all obligate, however. Moss (1936) has discussed occurrence of interxylary cork, a growth-ring phenomenon with obvious and interesting ecological correlations, in Epilobium angustifolium L. No such interxylary peridenn formation, however, was present in any of the samples of Onagraceae I have studied.
PiioiosYvniATK TRANSFER AND STonAc.F. ALTERNATIVES The presence in so many Onagraceae of starch grains and of interxylary phloem demands explanation. Too often, wood anatomists have considered the xylem a tissue of water transport and neglected consideration of photosynthate conduction and storage within secondary xylem. As Braun ( 1970) has shown, even species of tropical environments store and mobilize starch within wood. However, season-ality or periodicity in growth flushes or in flowering and fruiting are definite!) present in tropical plants and relate to storage of starch or sugar.
In the case of Onagraceae, flowering frequently takes place in the dry season. As one example, I have seen Fuchsia cyrtandroides on Tahiti during July, the dry season, flowering on branches that are virtually leafless. The data of Plitmann. Raven & Breedlove (1973) show that Lopezieae mostly flower during the dry season, although sporadically at other times of the year. Even such annuals as Oenothera and Clarkia may grow during the winter rainy season but not flower until much later. Oenothera and Camissonia often form prominent leaf rosettes or large basal leaves during winter months. They can be presumed to store starch during winter and spring, and mobilize it in late spring when they flower-at which time basal leaves may have withered. Therefore storage of starch in the stein during the vegetative period is understandable.
As mentioned above, some annual Onagraceae lack inter\\ lary phloem. In them, secondary phloem plus intraxylary phloem suffice for conduction of sugars: the intervening secondary xylem is. presumably, not with-enough to provide selective value for interpolation of interxylary phloem strands. Libriform fibers in the annuals, as in all Onagraceae, are of protracted longevity, so that the fascicular xylem can be considered vessels embedded within a fibrilonn parenchyma.
Larger annuals, in which considerable secondary xylem develops, may have interxylary phloem, as in species of Camissonia, Oenothera, and Gaura. In these. selective pressure lor occurrence of interxylary phloem may be based on spatial considerations: it would provide more numerous conduits for rapid input into and removal of sugars from starch-storing fibers. One may also hypothesize that interxylary phloem is present in some annuals as a derivation from perennial ancestors with wider steins, in which case the phloem would be of no negative value.
Considerations such as the above-increased number of photosynthateconducting conduits-may apply to perennials like Lopezia (sens. lat.), Gaura, Gon^i/loearpus frutieulosus. Xylotwara, and Zausclnwria. In these, interxylary phloem in older portions of stems might be expected to be deactivated eventually, if not annually, so that formation of additional strands of interxylary phloem would be of functional value. Noteworthy in some woody perennials is that they form massive displays of flowers, or have large flowers (e.g., Lopezia longiflora). Production of large flowers or large quantities of flowers during a short period might be related to massive starch reserves and to interxylary phloem for rapid transport of sugars. The large phloem-containing bands of Lopezia longiflora may serve for storage of water, as well as starch, preparatory to flowering.
With Fuchsia and Hauya, we are dealing with shrubs and trees with less seasonality in growth and flowering. In these, starch storage is never as conspicuous as in, say, Lopezieae. Seasonality does occur but slow rates of input and mobilization of photosynthates within wood may be hypothesized because of longer flowering seasons or longer vegetative seasons. If so, lack of abundance of starch and lack of interxylary phloem in these two genera is explainable. Ludwigia may form a special case, in that it can develop (L. octovalvis) rather large woody stems without interxylary phloem (although Ludwigia never forms trees, and can be called shrubby only in a special sense). Because Ludwigia characteristically grows in very wet or inundated soil, plants experience minimal seasonality: the vegetative phase is not abruptly terminated prior to flowering, and plants typically flower and form new leaves concurrently. Thus, mobilization of starch need not be rapid. Interestingly, rays are extremely tall in Luduiiiia i see Table 1 ), so that as in Fuchsia, the numerous erect ray cells may well take the place of axial parenchyma and interxylary phloem, and low rates of photosynthate conduction can be hypothesized, as in Fuchsia.
I have noted elsewhere (Carlquist. 1975 ) the striking correlation between lack of axial parenchyma and presence of septate or nucleate fibers in dicotyledon families. The respective lists of families with little or no axial parenchyma, and with septate or nucleate fibers are very similar, so that a functional correlation appears probable. The correlation would be that living fibers serve lor storage and conduction of photosynthates, so that the imperforate elements of the \\lem serve much as a total parenchyma background in the wood, yet offer greater mechanical strength than would the equivalent amount of thin-walled pareneli\ ma.
Erect ray cells (the "contact cells" of Braun, 1970) can be considered a substitute lor axial parenchyma to some degree, serving for vertical as well as lateral conduction of photosynthates in woods with little or no axial parenchyma. If ray cells are predominantly erect, as they are in nearly all Onagraceac as well as in many species of other myrtalean families (see above), there exists a ray system ideal for vertical translocation. I have commented earlier (Carlquist, 1962) on the tendency of ray cells to be predominantly erect in herbaceous and herb-like plants, and discussed this in terms of retardation of transverse subdivision of ray initials in the cambium. In ontogenetic terms, this certainly appears to be true. I have not hitherto commented on the possible functional significance of this juvenilism. On the basis of Onagraceac the explanation would appear to lie in assumption by rays of the dual roles of lateral and vertical conduction of photosynthates within secondary xylem. Where stems grow slowly, as in rosette trees. In Onagraceae, a dramatic example in shift of cell types in rays can be seen in Hauya. At first, erect ray cells predominate, but later, procumbent cells are at least as abundant. In large stems, such as those of the genus Hauya. larger quantities of procumbent cells to facilitate radial translocation could be expected.
*-
The above hypothesis is obviously based on the assumption that cell walls operate as deterrents to conduction within rays, so that cells elongating in the direction of putative conduction would therefore present fewer impedances per unit length. This assumption runs parallel to formulas on the impedance provided in the case of water conduction by end walls of tracheids (see. for example, my 1975 discussion of gymnosperm woods).
GROWTH FORM AND WOOD ANATOMY
The discussion above, albeit hypothetical, includes consideration of growth form. With respect to other features, one can say that the relatively thin-walled nature of libriform fibers and gelatinous nature of fiber walls in Onagraceae seem related to limited plant stature. Also, the presence of elongate pits and of pits with large, gaping apertures suggests low mechanical strength, characteristic of herb-like plants (Carlquist, 1975) . A minimal degree of gelatinous fiber formation, together with relatively thick-walled fibers, occurs in Hauya (Figs. 6-7) . This is true, to a lesser degree, also of Fuclisia.
Of what significance is occurrence of interxylary phloem in ancestors of Onagraceae? What growth form is ancestral for Onagraceae? To be sure, interxylary phloem is present, as noted above, in some Melastomaceae and some Combretaceae, but is known from Lythraceae only in the instance of Lythrum salicaria. It is otherwise absent from Lythraceae and it is absent in Punicaceae, Crypteroniaceae, and Sonneratiaceae-which would seem to be a trio of families close to Onagraceae-as well as Myrtaceae, Penaeaceae, Oliniaceae, and Lecythidaceae. One is tempted to say that if woody forms are ancestral in Onagraceae. absence of interxylary phloem in those ancestors is likely. Polyphyletic origin of interxylary phloem produced by a single cambium (the "foraminate" type of Metcalfe & Chalk, 1950 ) must be hypothesized to account for systematic distribution of this phloem type in at least non-myrtalean families and very likely myrtalean families also. The fact that intraxylary phloem (which also occurs in a variety' of dicotyledon families, not all of which form a natural group) is present in Onagraceae suggests an increase in phloem dispersion within the plant body, a tendency that might be converted, via cambial action, into formation of inter-•vylary phloem independently within Myrtales. Because no tribe of Onagraceae has interxylary phloem in all species, one would have to hypothesize polyphyletic loss of interxylary phloem if one assumed interxylary phloem was present ancestrally in Onagraceae. This seems somewhat more difficult than the reverse hypothesis: ancestral absence but potential for interxylary phloem formation. Either hypothesis is still conceivable on the basis of data now available.
The absence of interxylary phloem in the common ancestor of Onagraceae is also suggested by relationships within the family as judged by other characteristics. Morphologically and in terms of floral anatomy. Fuchsia and Ludwigia are the most generalized members of the family (Eyde & Morgan. 1973) . and Hauya is clearly one of the most, if not the most, generalized of the assemblage of genera assigned to the tribe Onagreae by Raven ( 1964) , among which it is unique in its possession of stipules. Judged by any criteria, the remaining Onagreae, the Lopezieae, and the Epilobieae are more advanced (Peter H. Raven, personal communication) , and these are the groups in which interxylary phloem has evolved. Links between Lopezieae and Ludwigia (Eyde & Morgan, 1973) and between Onagreae sens, str, and Hauya suggest that interxylary phloem has evolved more than once within Onagraceae, as does the apparent lack of any direct relationship among the three tribes in which it occurs.
With respect to growth form, Onagraceae show woods with herbaceous modes of structure in herbaceous species. However, in the shrubby and arboreal genera Fuchsia and Hauya. there are no vestiges of what I would term herbaceous structure. By "vestiges of herbaceous structure*' I mean largely features such as those I cited in my 1962 paper (Carlquist, 1962) , but also modes of structure described in Goodeniaceae (Carlquist. 1969«) and Campanulaceae (Carlquist. 1969M. families that seem ancestrally herbaceous but with some species forming shrubs or trees as large as Onagraceae. with the exception of Hauya, There are no indicators of herbaceous modes of structure in Punica or Sonneratiaceae, although Lythraceae obviously contain a variety of growth forms (the woodier ones seem non-herbaceous in wood structure, however). As an intuitive speculation. I would hypothesize a shrubby growth form, but one from which more herbaceous growth forms could easily be derived, as ancestral to Onagraceae. Even if this were the case, one could hypothesize secondary increase in woodiness (Lopezia? Ludwigia?) within the family. No single genus of Onagraceae seems clearly to have a preponderance of features definitely primitive for the family.
RELATIONSHIPS OF ONAGRACEAE
As the text above suggests, anatomical features prove unusually decisive in establishing relationships of Onagraceae. Affinities seem greatest with Lythraceae, Punicaccae, Sonneratiaceae. Crypteroniaceae. and Combretaceae. In fact, those families with the exception of Combretaceae could, with justification, be united into Lythraceae (Robert F. Thome, personal communication) . in which case Onagraceae could be said to be most closely allied to Lythraceae (sens. lat.) and to Combretaceae. Other myrtalean families, such as Melastomaceae, have nearly as many features in common with Onagraceae. Anatomical features one can cite include presence of vestured pits on vessel walls; occurrence of intraxylary phloem adjacent to primary xylem; ray cells square to erect predominantly or exclusively: vasicentric parenchyma scanty; libriform fibers with non-bordered pits, and often septate or nucleate; prismatic crystals present in ray cells or
